Aims: To compare the long-term prognosis of younger and elderly patients with combined hepatocellular-cholangiocarcinoma (CHC) who underwent curative resection between 1993 and 2014 at our center. Methods: Two hundred and thirteen patients who underwent liver resection for CHC were enrolled in our study. The overall survival (OS) and disease-free survival (DFS) of elderly patients (age≥60, n=52) and younger patients (age<60, n=161) were compared by multivariate analysis and propensity score matching (PSM) analysis. Results: Among the 213 CHC patients, the elderly patients had a higher rate of worse Child-Pugh grade (P=0.027), abnormal serum albumin (P<0.001) and lymphoid metastases (P=0.024). The proportion of HBV-positive CHC patients (74.6%, 159/213) was much higher than that observed in healthy cohorts. Younger patients had a higher rate of hepatitis B virus (HBV) infection compared to older patients (83.9% vs 46.2%, P<0.001). OS and DFS of the elderly and younger patients before and after propensity score matching were comparable. Conclusion: Elderly and younger patients who underwent liver resection for CHC have comparable long-term OS and DFS.
Introduction
Hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) constitute the most common primary liver malignancies [1] . CHC is a rare type of primary liver cancer that shares the histopathologic characteristics of both cholangiocarcinoma (CC) and HCC [2] . According to the latest WHO classification of the digestive system, CHC is divided into two histological types: a classical type and subtypes with stem cell features [3] .
The imaging characteristics of HCC and ICC have been widely investigated by contrast-enhanced MRI or CT. CHC may share typical features with HCC and ICC, such as arterial enhancement and portal washout, whereas the remaining tumor regions may
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show a delayed enhancement and biliary ductal dilation [2, 4] . Taken together, the preoperative diagnosis of CHC remains a challenge. Some clinicians suggest that the discordance between imaging features and the elevation of tumor marker levels could indicate CHC [2, 4, 5] .
Due to the low prevalence of CHC, the clinical characteristics of this disease are poorly understood. Some studies indicated that CHC may show clinical characteristics resembling HCC, but the OS was more similar to that of ICC [6] . Surgical resection remains the treatment of choice for CHC patients and yields better survival benefits than other treatment options [1, 6, 7] .
In retrospective studies, the propensity score analysis has been widely used to reveal the true treatment effect by balancing the confounders between younger patients and elderly patients [8] [9] [10] . Several studies have demonstrated by PSM analysis that HCC and ICC have comparable long-term OS and DFS in younger and elder [11] [12] [13] [14] [15] . However, to date, no study has evaluated the effect of age after hepatectomy in CHC patients. In the present study, the prognostic factors that influence OS and DFS was analyzed. Thereby, PSM analysis was adopted to remove bias caused by these factors in order to reveal the true effect of age.
Patients and Methods

Study Population and Data Collection
Between March 1993 and December 2014, 269 patients diagnosed with pathologically confirmed CHC were recruited at the Department of Liver Surgery, Zhongshan Hospital. Surgical techniques for liver resection were described elsewhere [16] , and the pathology of CHC was diagnosed according to World Health Organization criteria [3] . Preoperative imaging examinations including chest X-ray, abdominal ultrasonography, contrast-enhanced computer tomography (CT) or magnetic resonance imaging (MRI), were performed routinely. Serum biochemical and prothrombin time data and the presence of ascites were used to assess liver function. Patients with Child A cirrhosis, and early Child B cirrhosis were considered for resection: the former were offered resections up to 50%, while the latter were offered up to 25% [17] . Eight patients were excluded for other therapeutic modalities, 11 patients were excluded due to missing data, 25 patients were excluded for preoperative therapy, four patients were excluded due to recurrence within one month after surgery, and eight patients dropped out of the study. Overall, 213 patients were included in the study. The patients were categorized into two groups, the "younger" group (age <60, n=161) and the "elderly" group (age ≥60, n=52). The study was approved by the Institutional Review Board of the Zhongshan Hospital and complied with the standards of the Declaration of Helsinki and current ethical guidelines.
Follow up
Patients were followed up every 3 months until death or dropping out of the follow-up program. Abdominal ultrasound, liver function tests, serum alpha-fetoprotein (AFP) levels, carcinoembryonic antigen (CEA) levels and carbohydrate antigen 19-9 (CA19-9) levels were analyzed every 3 months, and abdominal magnetic resonance imaging (MRI) was performed every 6 months. The end-point of the study was overall survival (OS), which was defined as the interval between the date of surgery and the date of the patient's death or final follow-up.
The diagnosis of recurrence was based on MRI imaging findings, increased serum AFP and CA19-9 levels. Extrahepatic recurrence was also examined by chest CT and bone scintigram. Based on the recurrence pattern and the liver function reserve, the patients were managed with different therapeutic modalities, including radiofrequency ablation (RFA), repeated resection for resectable recurrence, TACE, percutaneous ethanol injection (PEI), and chemotherapy for patients with extrahepatic metastatic disease.
Statistical Analysis
Demographic, clinical and tumor characteristics are described as summary statistics, which were obtained using established methods. In both younger and elderly cohorts, continuous data were presented as the mean and the 25th-75th percentile range and analyzed using the Mann-Whitney U test. The categorical variables were described as absolute and relative frequencies and compared using Pearson χ 2 analysis or the Fisher exact test. OS and DFS were compared using the Kaplan-Meier method, and the survival differences between the two groups were compared using the log-rank test.
Logistic regression was used for the propensity score matching analysis to estimate the propensity score (from 0 to 1), which contains information on the variates selected. To create a reliable propensity score model, the variables chosen for matching should include all the potential confounders. [8] [9] [10] Instead, the variables should contain all the independent prognostic factors of CHC. The Cox proportional hazards model was used to identify the independent prognostic factors. Then, the statistically significant variables (P<0.1) obtained from the univariate analysis were used in the multivariate analysis. The variables entered in the final propensity model were gender, the serum level of carcinoembryonic antigen, ɣ-glutamyl transpeptidase (GGT), macroscopic vascular invasion (MVI), portal lymph node invasion and extrahepatic metastases. The model used the one-toone match without replacement between younger and elderly patients using the nearest-neighbor matching algorithm. The caliper value was set to 0.01, and the balance between the two groups after matching was evaluated by the standardized mean difference (<0.1).
All tests using a two-tailed P-value <0.05 were considered to be statistically significant. All statistical analyses were performed using the SPSS 22.0 statistical package (SPSS Incorporated, Chicago, Illinois, USA) and the design and survival packages. This project was approved by our institutional review board.
Results
Demographic and Clinicopathological Characteristics
The demographic and clinicopathological characteristics are shown in Table 1 . The mean age of the entire cohort was 52.4 years. One quarter of the patients were ≥60 years old (n=52, 24.3%), whereas the remaining patients were <60 years old (n=161, 75.7%). A higher proportion of the younger patients had HBV infection (P<0.001). In contrast, the elderly patients had a poor liver function (P=0.027), a high occurrence of abnormal serum albumin (P<0.001) and the presence of ascites (P=0.011). For the tumor characteristics, the elderly patients showed a high occurrence of portal lymph node invasion (P=0.024).
The prognostic factors of combined hepatocellular carcinoma-cholangiocarcinoma
To identify the potential confounders, the Cox proportional hazards model was used to analyze the risk factors of CHC ( Table 2) . With regard to OS, the following 12 variates determined by the univariate analysis were included in the multivariate analysis: gender (male), the Child-Pugh grade, CEA, CA19-9, albumin, GGT, tumor number, tumor size, MVI, portal lymph node invasion, and extrahepatic metastases. The multivariate analysis revealed that CEA, GGT, MVI, lymphoid metastases, and extrahepatic metastases were independent prognostic factors of OS. For DFS, the following 4 variates determined by univariate analysis were included in the multivariate analysis: gender, GGT, MVI and portal lymph node invasion. The multivariate analysis indicated that gender, MVI, and portal lymph node invasion were independent risk factors for predicting a poor DFS. Age was not an independent factor for OS (P=0.190) or DFS (P=0.292) in either the univariate or multivariate analyses. Propensity score matching for younger and elderly patients
The distributions of the risk factors and demographic characteristics differ between the younger and elderly groups. To reduce confounding and to reflect the true effect of age, a propensity score matching model was built based on the analysis of the risk factors above. Considering OS and DFS, seven variates contributed to the model: gender, CEA, and ɣ-GT, MVI, lymphoid metastases and extrahepatic metastases. Therefore, 46 pairs of elderly patients and younger patients were finally matched. The comparisons between the two groups are shown in Table 3 . 
OS and DFS
The median survival of the entire cohort was 25 months, and the overall cumulative survival rates at 1, 3 and 5 years were 73.2%, 39.0%, and 28.3%, respectively. Stratified by age, the median overall survival of the elderly patients was lower than that of the younger patients (18.0 months vs 27.16 months) . The cumulative survival rates of the elderly patients at 1, 3 and 5 were 70.3%, 40.0% and 22.2%, whereas in younger patients, they were 75.2%, 42.5% and 30.3%, respectively. The OS rates were comparable between the younger and elderly patients ( Figure 1A) . After propensity score matching, the median OS was higher in the younger patients than in the elderly patients (24 months vs 18 months). The survival rates of 1, 3 and 5 years in younger patients were 78.7%, 32.5% and 20.3%, whereas in elderly patients they were 74.0%, 31.7% and 23.8%, respectively. However, the OS between the younger and elderly patients remains comparable ( Figure 1B) . Regarding the DFS, the median disease-free survival of the entire cohort was 32 months. The DFS was comparable between the younger and elderly patients before and after propensity score matching (Figure 1 C & D) . Discussion CHC is a rare primary liver tumor that constitutes only 2.4% to 14.2% of all primary hepatic malignancies [1, 2, [18] [19] [20] . The CHC had a dual differentiation of both bile duct epithelia and hepatocytes within the same tumor [1, 2] . The biological and pathological behaviors of these tumors are complex, and aggressive liver resection may provide a better prognosis [1] . The effect of age on the long-term prognosis of hepatic resection with in patients diagnosed with HCC or ICC has been extensively studied, but the results are conflicting. Propensity score matching, a new statistical method, revealed that long-term OS and DFS in elderly and younger patients with either HCC or ICC are comparable [11] [12] [13] [14] [15] . Although previous studies noted that CHC was more common in male patients older than 65 years [21] , the effect of age on the long-term prognosis of patients with CHC who underwent curative surgery had not been studied. Thus, a total of 269 patients who underwent hepatic resection for CHC at a single center was examined and analyzed OS and DFS by propensity score analysis and multivariate analysis. Due to a lack of typical imaging characteristics, preoperative diagnosis of CHC remains difficult. Thus, most patients with CHC were misdiagnosed either as having HCC or CC before the surgery [4, 22] . Surgical resection remains the main treatment for primary liver tumors; however, whether elderly patients may benefit from aggressive surgical treatment has not been agreed upon. Previous studies have noted that, compared to younger patients, elderly patients with HCC or ICC have a comparable OS and DFS after hepatectomy as revealed by propensity score matching [11] [12] [13] [14] [15] . Consistent with these studies, the OS and DFS were not significantly different between younger and elderly patients. Although elderly patients are more likely to have a worse liver function reserve and lymphoid metastases, the effect of age on the long-term prognosis was not obvious after adjusting the main confounding factors using propensity score matching or multivariate analysis. To date, the present study represents the first study to assess the effect of age on the long-term prognosis of patients who underwent resection for CHC.
To further reveal the true effect of age on the long-term prognosis of surgical patients with CHC, the confounding factors must be balanced between the younger and elderly patients. In the propensity score matching analysis, regardless of whether the included variates differed between the two groups before matching, the distributions of the selected variates were comparable between the matched pairs selected by the model. Thus, a multivariate analysis of the prognosis was performed in the entire cohort to identify the independent risk factors of CHC. Consistent with previous studies [6, 21, [23] [24] [25] [26] , age was not identified as an independent factor in the multivariate analysis. Moreover, consistent with the multivariate analysis OS and DFS did not differ significantly between the younger and elderly patients after propensity score matching, suggesting that the younger and elderly patients with CHC and similar demographic characteristics and clinicopathological features had comparable long-term prognoses. Taken together, these findings suggest that hepatic resection surgery should be considered as a potential treatment in elderly patients, as elderly patients can achieve long-term survivals that are comparable to those of younger patients.
There is a clear consensus that a high prevalence of chronic HBV infection is the most common etiological factor of HCC [27] , and HBV infection has been related to an increased risk of CC [28] .HBV can integrate into the host genome, disrupt the expression of host genes and cause hepatocarcinogenesis even without hepatic fibrosis of cirrhosis [29] .Recently, it has been shown that HBV infection and heavy alcohol consumption may contribute to the development of CHC [30] . Consistent with the previous studies, the percentage of HBV-positive patients with CHC (74.6%, 159/213) is much higher than normal population in our study [31] . The younger patients have a higher rate of HBV infection when compared to elderly patients (83.9% vs 46.2%, P<0.001), suggesting that CHC may partially share a similar mechanism with HCC --HBV infection often occurs in early childhood, and the hepatocarcinogenesis can often be observed under the influence of decades of HBV infection. However, in the subsequent study, multivariate analysis indicated that HBV infection was not an independent risk factor associated with OS or DFS. It suggesting that HBV infection was not a solid contributor to CHC prognosis, as CHC also shares the histopathologic characteristics of cholangiocarcinoma [23, 30] .
Several limitations of the current study may have influenced the results. Given the nature of the retrospective study, there could be potential unmeasurable confounders between the two groups. Additionally, due to the low prevalence of this tumor, even though the research population is largest so far, the sample size is still relatively small and may affect the statistical power. In recent years, given the technical advancement of hepatectomy, the selection criteria have broadened, especially for elderly patients, which resulted in shorter follow-up times in the elderly group.
In conclusion, the long-term OS and DFS in younger and elderly patients who underwent liver resection for CHC are comparable. Moreover, tumor characteristics, such as MVI and extrahepatic metastases, are more powerful predictors of an unfavorable prognosis. In summary, an aggressive resection strategy could be recommended for elderly patients who have tumor characteristics that are like younger patients.
